This paper is concerned with delay-dependent stability for continuous systems with two additive time-varying delay components. By constructing a new class of Lyapunov functional and using a new convex polyhedron method, a new delay-dependent stability criterion is derived in terms of linear matrix inequalities. The obtained stability criterion is less conservative than some existing ones. Finally, numerical examples are given to illustrate the effectiveness of the proposed method.
Introduction
Robust stability of dynamic interval systems covering interval matrices and interval polynomials has attracted considerable attention over last decades. Reference 1 presents some necessary and sufficient conditions for the quadratic stability and stabilization of dynamic interval systems. It is well known that time delay frequently occurs in many industrial and engineering systems, such as manufacturing systems, telecommunication, and economic systems, and is a major cause of instability and poor performance. Over the past decades, much efforts have been invested in the stability analysis of time-delay systems 2-16 . Reference 2 deals with the problem of quadratic stability analysis and quadratic stabilization for uncertain linear discrete time systems with state delay. Reference 3 deals with the quadratic stability and linear state-feedback and output-feedback stabilization of switched delayed where d t is a time delay in the state x t , which is often assumed to be either constant or time-varying satisfying certain conditions, for example,
Sometimes in practical situations, however, signals transmitted from one point to another may experience a few segments of networks, which can possibly induce successive delays with different properties due to the variable network transmission conditions. Thus, in recent papers 15, 16 , a new model for time-delay systems with multiple additive timevarying delay components has been proposed:
To make the stability analysis simpler, we proceed by considering the system 1.3 with two additive delay components as follows:
x t φ t , t ∈ −d, 0 .
1.5
Here, x t ∈ R n is the state vector; T s Z 1ẋ s ds in 15 was enlarged as
T s Z 1ẋ s ds discarded. On the other hand, some integrals were estimated conservatively. Take
with an appropriate vector ζ t and a matrix S, respectively, it was estimated as
with
The problem of delay-dependent stability criterion for continuous systems with two additive time-varying delay components has been considered in this paper. By constructing a new class of Lyapunov functional and using a new convex polyhedron method, a new stability criterion is derived in terms of linear matrix inequalities. The obtained stability criterion is less conservative than some existing ones. Finally, numerical examples are given to indicate less conservatism of the stability results. 
where the real numbers α i satisfy α i > 0 and i α i 1.
The following Lemma 1.2 suggests a lower bound for a reciprocally convex combination of scalar positive functions Φ i f i . 
In the following, we present a new stability criterion by a convex polyhedron method and Lemma 1.2. 
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Proof. Construct a new Lyapunov functional candidate as 
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The time derivative of V x t along the trajectory of system 1.5 is given bẏ 
2.11
TheV 3 x t is upper bounded bẏ
where the inequality in 2.12 comes from the Jensen inequality lemma, and that of 2.13 from Lemma 1.2 as
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where 
2.15
α d − d t /d, β d t /d.− t t−d 1 t ẋ T s Z 1ẋ s ds −d 1 t U T 1 Z 1 U 1 , − t−d 1 t t−d 1ẋ T s Z 1ẋ s ds − d 1 − d 1 t U T 2 Z 1 U 2 , − t t−d 2 t ẋ T s Z 2ẋ s ds −d 2 t U T 3 Z 2 U 3 , − t−d 2 t t−d 2ẋ T s Z 2ẋ s ds − d 2 − d 2 t U T 4 Z 2 U 4 ,
2.16
where
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From the Leibniz-Newton formula, the following equations are true for any matrices N, M, L, S, P 1 , P 2 with appropriate dimensions
2.19
Hence, according to 2.8 -2.19 , we can obtaiṅ
2.21
If E < 0, then there exists a scalar ε > 0, such thaṫ
The E < 0 leads for d 1 t → d 1 to E 1 < 0 and leads for d 1 t → 0 to E 2 < 0, where Then, the corresponding stability result can be easily derived similar to the proof of Theorem 2.1. The result is omitted due to complicated notation.
Remark 2.6. The stability condition presented in Theorem 2.1 is for the nominal system. However, it is easy to further extend Theorem 2.1 to uncertain systems, where the system matrices A and A d contain parameter uncertainties either in norm-bounded or polytopic uncertain forms. The reason why we consider the simplest case is to make our idea more lucid and to avoid complicated notations.
Illustrative Example
Example 3.1. Consider system 1.5 with the following parameters: 
3.2
We assume condition 1:ḋ 1 t 0.2,ḋ 2 t 0.5; condition 2:ḋ 1 t 0.2,ḋ 2 t 0.3, and under the two cases above, respectively. Table 2 lists the corresponding upper bounds of d 2 for given d 1 . This numerical illustrates the effectiveness of the derived results. 
Conclusions
This paper has investigated the stability problem for continuous systems with two additive time-varying delay components. By constructing a new class of Lyapunov functional and using a new convex polyhedron method, a new delay-dependent stability criterion is derived in terms of linear matrix inequalities. The obtained stability criterion is less conservative than some existing ones. Finally, numerical examples are given to illustrate the effectiveness of the proposed method.
